A binary phase of layered nanotubes, where MWCNs (Multi-walled carbon nanotubes) are coated by WS 2 , are generated by pyrolysing WO 3 -coated MWCNs in an H 2 S/N 2 atmosphere at 900 o C. TGA and TEM show that WS 2 acts as an antioxidant to the MWCN core.
INTRODUCTION
It has been demonstrated that MWCNs can act as templates for the generation of other types of nanotubes, [1, 2] despite problems associated with their high surface tension. [3] Previous methods for coating MWCNs with WO 3 involved surface oxidation, which generated -COOH or -OH groups [2, 4] and the MWCNs were often found uncapped and peeled. [ EDX analysis was carried out on both partly and fully coated MWCNs. Only a C signal was detected when the probe was focused on the uncoated sections of a partly coated MWCN. C, W and S, together with a trace of O, were detected when the EDX probe was focused on the coated section ( Figure 2 ). Quantitative analysis showed the atomic ratio of W to S was 1:2 (± 0.1), implying a WS 2 structure. Figure 3a) by computer, the bonding structure of WS 2 can be clearly observed (Figure 3d ). 
CONCLUSIONS
We have demonstrated the facile way in which WO 3 can be deposited onto MWCN surfaces and converted to WS 2 . Interestingly, this transformation converts disordered WO 3 into layered WS 2 nanotubular sheaths. Due to its composite nature, we have improved the ability of MWCNs to withstand oxidation, which may find application as fire-retardant strengthening additives.
